ABSTRACT Chicken blastodermal cells (CBC) from Stage X embryos, which were isolated from newly laid, fertile, unincubated eggs, are pluripotent cells and can produce somatic and germline chimeras when injected into recipient stage X embryos. The CBC retain their pluripotential ability for up to 7 d in vitro. The molecular mechanisms that control proliferation and differentiation of CBC are largely unknown, although protein tyrosine kinases (PTK) are known to play important roles in these processes in similar cells. To understand better the molecular mechanisms of proliferation and differentiation in CBC, expression profiles of PTK and stem cell factor (SCF)
INTRODUCTION
Protein tyrosine kinase (PTK) genes play important roles in cellular proliferation, differentiation, and migration. The PTK genes are divided into two types: receptor-type PTK and nonreceptor-type PTK. The receptor-type PTK are usually growth factor receptors, such as Cek-1 (Werner et al., 1992) , c-Kit (Sasaki et al., 1995) , FREK , and insulin-like growth factor-1 receptor (IGF-1R) (Czech, 1989; Lammers et al., 1989; Nissley and Lopaczynski, 1991) . The cek-1 and frek genes encode receptors for fibroblast growth factor (FGF) (Chabot et al., 1988; Pasquale and Singer, 1989; Halevy et al., 1994) , c-kit encodes a receptor for stem cell factor (SCF) (Anderson et al., 1990; Flanagan and Leder, 1990; Williams et al., 1990; Sasaki et al., 1995) and igf1r encodes a receptor for insulin-like growth factor-1 (Ullrich et al., 1985 (Ullrich et al., , 1986 Nissley and Lopaczynski, 1991) .
The receptor-type PTK are membrane proteins that have a glycosylated extracellular ligand-binding domain, a hydrophobic transmembrane domain, and conserved intracellular catalytic domains (Hanks et al., 1988; Schlessinger, 1988; Yarden and Ullrich, 1988) . The PTK are involved 1 To whom correspondence should be addressed: retches@ origentherapeutics.com. 2 Origen Therapeutics, 1450 Rollins Road, Burlingame, CA 94010-2307. 161 were analyzed by reverse transcription polymerase chain reaction (RT-PCR) using gene-specific and degenerate oligonucleotide primers. Seventeen distinct PTK, including 14 receptor-type and 3 nonreceptor-type PTK and SCF were identified by RT-PCR. Expression of all of the genes was confirmed by northern blot analysis. The northern blot analysis showed that all probes hybridized with one or more transcripts at various expression levels. The expression of the 17 PTK and SCF genes in CBC suggests that they might play a role in signal transduction pathways that control the proliferation or differentiation in CBC.
in the signal transduction pathways that initiate cellular proliferation and differentiation by binding growth factors to the extracellular domain of the receptor PTK. Subsequently, the PTK dimerize and are autophosphorylated (Ullrich and Schlessinger, 1990) . Following autophosphorylation, cytoplasmic signaling pathways are activated such as the JAK (Janus kinase)-STAT (signal transducers and activators of transcription) pathway (Schlessinger and Ullrich, 1992) .
The nonreceptor-type PTK, such as members of the Src, JAK, C-terminal Src kinase (Csk), and Ableson kinase families that do not contain a transmembrane domain are present in the cytoplasm. The nonreceptor PTK associate with the intracellular domain of both activated receptor-type PTK and non-PTK cytokine receptors and activate intracellular signal transduction pathways (Eiseman and Bolen, 1990; Ihle et al., 1994; Cirri et al., 1997) .
All PTK, regardless of species, share highly conserved amino acid sequences in their catalytic domains (Hanks et al., 1988) . The PTK catalytic domains are divided into 12
Abbreviation Key: bFGF = basic FGF; CBC = chicken blastodermal cell; Csk = C-terminal Src kinase; DIG = digoxigenin; EG = embryonic germ cell; ES = embryonic stem cell; FGF = fibroblast growth factor; IGF-1R = insulin-like growth factor-1 receptor; JAK = Janus kinase; Klg = kinase-like gene; PCR = polymerase chain reaction; PGC = primordial germ cells; PTK = protein tyrosine kinase; RT-PCR = reverse transcription PCR; RYK = receptor related to tyrosine kinase; SCF = stem cell factor; STAT = signal transducers and activators of transcription.
subdomains defined as regions containing characteristic motifs of conserved residues (Hanks et al., 1988) . The amino acid motifs of subdomain VIB to IX have been particularly well conserved among the individual PTK. Many degenerate oligonucleotide primers have been designed that correspond to the conserved amino acid sequence of the subdomain VIB to IX, and various PTK have been cloned by polymerase chain reaction (PCR)-based cloning (Wilks, 1989; Iwama et al., 1994; Kuwata et al., 1995; Tanaka et al., 1998) .
Many of the PTK play key roles during embryogenesis, and defects in these proteins yield phenotypes such as the dominant white spotting locus mutant in mice. The dominant white spotting locus mutant mice, which do not have sufficient c-Kit activity because of various mutations in the c-kit gene, show anemia, sterility, and lack of hair pigmentation. These phenotypes are the consequence of defective growth and migration of hematopoietic stem cells, primordial germ cells (PGC), and melanocytes during embryogenesis (Geissler et al., 1981; Chabot et al., 1988; Geissler et al., 1988) .
In mice, embryonic stem cell (ES) lines and embryonic germ cell (EG) lines have been established in vitro. The ES cell lines are derived from the inner cell mass of preimplantation embryos, and EG cell lines are derived from PGC. Both ES and EG are able to differentiate into somatic and germ cells when injected into host blastocysts. In avian species, long-term ES lines and EG lines have not been established, although pluripotential populations of cells with an ES phenotype have been maintained for up to 7 d in vitro Pain et al., 1996) . Chicken blastodermal cells (CBC) from stage X embryos (EyalGiladi and Kochav, 1976) that are isolated from newly laid, fertile, unincubated eggs can colonize somatic tissues and the germline when injected into recipient embryos. Chicken blastodermal cells cultured for more than 2 wk have not produced germline chimeric chickens. The molecular features that confer the ability to contribute to somatic tissues and the germline and the changes in these cells that eliminate their ability to contribute to recipient tissues have not been elucidated.
Identification of receptor genes for growth factors and their ligands expressed in CBC could provide a rationale for the culture of CBC using these growth factors. To understand the PTK involved in the early stages of chicken embryonic development, we have used reverse transcription-PCR (RT-PCR) to isolate cDNA clones of PTK genes expressed in CBC.
MATERIALS AND METHODS

Isolation of Poly (A)
+ RNA from Chicken
Blastodermal Cells
Chicken blastodermal cells from stage X embryos (EyalGiladi and Kochav, 1976) 
Preparation of Oligonucleotide Primers
Three degenerate oligonucleotide primers, TK-I, TK-II, and TK-III (Iwama et al., 1994) , corresponding to the consensus sequence of PTK subdomains VIB and IX, were prepared. TK-I, TK-II, and TK-III primers (Iwama et al., 1994) were used to amplify the conserved region of the PTK genes.
Three degenerate oligonucleotide primers, P2, P3, and P4 (Lickliter et al., 1996) , were used to amplify the conserved region of the PTK subdomains V and IX of the eph gene family, which is a subgroup of the PTK gene family. To identify expression of cek-1, frek, c-kit, igf1r, and scf in CBC, primers were individually designed for target genes. The primer sequences, the expected length of the amplified fragment and annealing temperatures are shown in Table 1.
Reverse Transcription
The first strand cDNA was synthesized from one-half of the poly (A) + RNA obtained from 30 stage X (Eyal-Giladi and Kochav, 1976) embryos using the random primers included in the first strand cDNA synthesis kit (27-9261-01)
3
. The remaining poly (A) + RNA was allowed to react with heat-inactivated enzyme as a negative control. Following cDNA synthesis, one-third of the cDNA was used as the template for the two-step PCR.
Polymerase Chain Reaction by Gene-Specific Primers
Primers were individually designed for target genes. Following reverse transcription, one-fifteenth of the first strand cDNA was used as the template for PCR. One hundred microliters of the PCR reaction contained 1X PCR buffer [10 mM Tris-HCl (pH 9.0), 1.5 mM MgCl 2 , and 50 mM KCl], 0.2 mM dNTP, 0.5 mM of each primer, and 2.5 U Taq polymerase (27-0799-01).
3 The cycling parameters were 1 min denaturing at 95 C, 1 min at the annealing temperature for each primer, and elongation at 72 C. The amplification proceeded for 30 cycles. The PCR products were subcloned into the pCRII vector (K2000-01) 4 and sequenced.
Polymerase Chain Reaction Using TK-I, TK-II, and TK-III Primers
Polymerase chain reaction was performed using TK-I and TK-III primers and the first-strand cDNA as a template 
essentially as previously described (Iwama et al., 1994) . One hundred microliters of the PCR reaction contained 1X PCR buffer [10 mM Tris-HCl (pH 9.0), 1.5 mM MgCl 2 , 50 mM KCl], 0.2 mM dNTP, 0.5 µM of each primer, and 2.5 U Taq polymerase (27-0799-01)
3
. The cycling parameters were 1.5 min denaturing at 94 C, 2.0 min annealing at 37 C, and 3.0 min elongation at 63 C. The amplification proceeded for 35 cycles. The PCR products of approximately 210 bp were purified in an 8% polyacrylamide gel. The purified cDNA fragments were used as templates in PCR using TK-II and TK-III primers. The cycling parameters were 1.0 min denaturing at 94 C, 2.0 min annealing at 37 C, and 3.0 min elongation at 72 C. The amplification proceeded for 20 cycles. The amplified cDNA was subcloned into the pCRII vector.
4
Polymerase Chain Reaction Using P2, P3, and P4 Primers Following reverse transcription, PCR was performed using the P2 and P4 primers and first strand cDNA as a template. The PCR reaction buffer was the same as described previously. The cycling parameters were 1.0 min denaturing at 95 C, 1.0 min annealing at 51 C, and 1.0 min elongation at 72 C. The amplification proceeded for 35 cycles. The PCR products of approximately 350 bp were purified in an 8% polyacrylamide gel. The purified cDNA fragments were used as templates in PCR using P2 and P3 primers. The cycling parameters were 1.0 min denaturing at 95 C, 1.0 min annealing at 41 C, and 1.0 min elongation at 72 C. The amplification proceeded for 35 cycles. The amplified cDNA was subcloned into pGem-T easy vector (A1360) 
Cloning and Sequencing
For degenerate primers, inserts of randomly selected clones were sequenced. For gene specific primers, three clones were picked, and their insert length was confirmed by the location of fragments in a 1.5% agarose gel after complete digestion with Eco RI restriction enzyme and sequencing analysis. For sequencing, one clone for each gene was used. The sequencing reactions were done using a fluorescent dye terminator 6 , and an automated DNA sequencer Model ABI 373A. The sequence analysis was performed by DNASIS 7 . Comparisons of the DNA sequences and the deduced amino acid sequences were performed using the FASTA program.
Northern Blot Analysis
Poly (A) + RNA was extracted from stage X, Day 3 and Day 4 chicken embryos as described previously. Five micrograms poly (A) + RNA were loaded onto agarose-2.2 M formaldehyde gels, electrophoresed, and transferred to nylon membranes (1 417 240) 8 . Following prehybridization at 50 C for more than 1 h in the prehybridization buffer (50% formamide, 7% SDS, 2% blocking reagent, and 0.1% SDS), hybridization was performed overnight with 20 ng/ ml digoxigenin (DIG)-labeled probe in the prehybridization buffer. After the hybridization, membranes were washed twice with 2X washing buffer (2X SSC, 0.1% SDS) at room temperature for 15 min and with 0.2X washing buffer (0.2X SSC, 0.1% SDS) at 68 C. Detection of DIGlabeled probes was performed by chemiluminescent detection using anti-DIG-alkaline phosphatase antibodies and CSDP (1 755 633) 8 (disodium3-(4-methoxyspiro{1,2-dioxetane-3,2′(5′chloro)tricyclo [3,3,1,1 3,7 ]decan}-4-yl) phenyl phostate). To label the probes, cDNA inserts of individual clones from RT-PCR were used as the template in the PCR DIG Probe Synthesis kit (1 636 090) 8 . To label the Eph A4, EphA5, EphB2, and EphB3 gene probes, P-2 and P-3 primers were used; to label the rest of the gene probes, TK-I and TK-III primers were used. The PCR buffer and the PCR cycling parameters were the same as described previously. The DIG-labeled probes were purified by the PCR Clean Up Kit (1 696 513) 8 and used for hybridization.
RESULTS AND DISCUSSION
Reverse Transcription-Polymerase Chain Reaction Using Oligonucleotide Primers Specific to Genes Expressed in Chicken Blastodermal Cells
The expression of chicken cek-1 (Lee et al., 1989; Pasquale and Singer, 1989) , c-kit (Sasaki et al., 1993) , frek , igf1r (Matsumura et al., 1996) and scf (Zhou et al., 1993) genes in CBC was investigated by RT-PCR using first-strand cDNA derived from CBC and oligonucleotide primers specific to each gene. Primer sequences for the five genes, the expected sizes of their amplified products from each primer combination, and annealing temperatures are shown in Table 1 . All of the genes for which primers were constructed were detected by RT-PCR in CBC (Figure 1 ). The amplified products matched the expected sizes, which are scf at 545 bp, c-kit at 651 bp, igf1r at 477 bp, frek at 171 bp and cek-1 at 673 bp, and are shown in Table 1 and Figure 1 . After subcloning the five RT-PCR products, one clone of each gene was sequenced, and their deduced amino acid sequences were compared with that of the five genes. The deduced amino acid sequences of the RT-PCR amplified fragments of cek-1, c-kit, frek, igf1r and scf genes were identical to the corresponding segments of the amino acid sequences of the genes (data not shown). FIGURE 1. Reverse transcription-polymerase chain reaction (RT-PCR) products using gene-specific primers. The RT-PCR products were electrophresed in a 1.5% agarose gel. The RT-PCR was performed using chicken stem cell factor (SCF), c-kit, insulin-like growth factor-1 receptor (IGF1R), FREK, and CEK-1 gene primers using poly (A) + RNA isolated from chicken blastodermal cells; cDNA products of the expected sizes were amplified. The amplified products were subcloned into plasmid vectors, and sequences were confirmed. Marker = molecular weight marker of 50-bp ladder.
Reverse Transcription-Polymerase Chain Reaction Using Degenerate Oligonucleotide Primers in Chicken Blastodermal Cells
To identify PTK genes expressed in CBC, RT-PCR was performed with degenerate oligonucleotide primers and first-strand cDNA synthesized from poly (A) + RNA that was isolated from CBC. Two series of primers, the TK-I, TK-II, and TK-III series and the P2, P3, and P4 series, were used in the RT-PCR. The TK-I, TK-II, and TK-III primers were prepared to amplify various PTK genes except the c-src kinase family. The forward primers TK-I and TK-II correspond to conserved amino acid sequences of PTK subdomain VIB, and the reverse primer, TK-III, corresponds to conserved amino acid sequences of PTK subdomain IX. The TK-I and TK-III primers and the TK-II and TK-III primers are expected to amplify approximately 210 bp. Table 1 shows the sequences of the TK-I, TK-II, and TK-III primers; the expected sizes of the amplified products from each primer combination; and annealing temperatures. Results of RT-PCR using TK-I, TK-II, and TK-III are shown in Figure 2 . Figure 2A shows a single cDNA fragment of approximately 210 bp following amplification with the TK-I and TK-III primers, which corresponds to the expected size of the PTK fragment between subdomain fragment VIB and IX. To select PTK genes within the non-src kinase family, the PCR product was purified and reamplified using the TK-II and TK-III primers. The PCR product that was generated from TK-II and TK-III was approximately 210 bp, which was the expected size ( Figure 2B ). Reverse transcription using heat-inactivated transcriptase, followed by PCR with TK-I and TK-III primers demonstrated no PCR product amplification (Figure 2A ), suggesting no genomic DNA contamination in the poly (A) + RNA.
P2, P3, and P4 primers were prepared to amplify various eph genes, which are a subfamily of PTK. Forward primer P2 corresponds to the conserved sequence of the PTK subdomain V in the eph subfamily of PTK. Reverse primers P3 and P4 correspond to the PTK subdomain IX. Both sets of primers, P2 and P4 and P2 and P3, are expected to amplify approximately 350 bp.
As shown in Figure 2C , a single PCR product, which corresponded well with the expected size of approximately 350 bp, was amplified using the P2 and P4 primers. To increase the amount of the 350-bp PCR product, the PCR product was purified and reamplified with primers P2 and P3 so that the PCR amplified a band of the expected size of 350 bp ( Figure 2D ). When heat-inactivated reverse transcriptase was used in first-strand cDNA synthesis, no product was amplified in the subsequent PCR using P2 and P4 primers. The absence of a band indicated that genomic DNA was not present in the poly (A) + RNA ( Figure 2C ).
Cloning, Sequencing, and Homology Search for Protein Tyrosine Kinase Genes Expressed in Chicken Blastodermal Cells
The PCR products from degenerate oligonucleotide primers were subcloned into plasmid vectors, and ran-
FIGURE 2. The poly (A)
+ RNA was extracted from chicken blastodermal cells (CBCs) and reverse transcribed with reverse transcriptase to synthesize first-strand cDNA, which were used as the templates for polymerase chain reaction (PCR). The templates were subjected to PCR using TK-I and TK-III primers (A) or P2 and P4 primers (C). The PCR products were electrophoresed in 1.5% agarose gels. The appropriate PCR product, which corresponded to the expected size, was amplified from the first-strand cDNA using TK-I and TK-III primers (A) or P2 and P4 primers (C) as indicated by an arrow. The negative lane in panels A and C shows that no PCR product was amplified by TK-I and TK-III primers or P2 and P4 primers when the template was exposed to reaction conditions involving heat-inactivated reverse transcriptase. The amplified cDNA was purified in an 8% acrylamide gel. The purified PCR products were reamplified by PCR using TK-II and TK-III primers (B) or P2 and P3 primers (D). The PCR products, which were expected to include approximately 210 or 350 bp of cDNA, were amplified and are indicated by an arrow. In all panels, the marker lane shows bands included in a 50-bp molecular weight marker.
domly selected clones were sequenced. One hundred fifty clones of PCR product from TK primers were randomly selected, and their inserts were checked by Eco RI restriction enzyme digestion; 43 clones contained an insert of the PCR product and were sequenced. One hundred clones derived from PCR products from P primers were randomly selected, and their inserts were checked by Eco RI restriction enzyme digestion; 36 clones contained an insert of the PCR product and were sequenced.
Comparisons of the DNA sequences were performed using the FASTA program in GenBank. The deduced amino acid sequences were translated from DNA sequences and were subjected to a homology search in the Swiss-Prot and PIR protein data banks using the FASTA search program. Fourteen distinct PTK genes were identified by the homology search. Eleven were putative receptor-type PTK, and three were putative nonreceptor-type PTK ( Table 2 ). The clones TYK120 and EPH002 were shown to be parts of the same gene (Table 2 ). Serine/ threonine kinase genes and non-PTK-related genes were not observed in this study. The homology search showed that the deduced amino acid sequences for 13 of 14 clones were identical to those of the known PTK (Table 2) . Twelve of 13 clones were identical to the known chicken PTK: Arg (Kruh et al., 1990) , Csk (Sabe et al., 1992) , Eyk (Lai and Lemke, 1991) , kinase-like gene (Klg) product (Chou and Hayman, 1991) , EphB2 (Pasquale, 1991) , EphA5 (Sajjadi and Pasquale, 1993) , EphA4 (Sajjadi and Pasquale, 1993) , EphB3 (Sajjadi and Pasquale, 1993) , FREK , JAK-1 (Bartunek et al., 1999) , PDGFR (ClaessonWelsh et al., 1989; Matsui et al., 1989) , and RYK (receptor tyrosine kinase related gene) (Hovens et al., 1992) . The remaining clone TYK081 was identical to human EphA2 (Lindberg and Hunter, 1990 ) at the amino acid sequence level and was 88% identical at the nucleotide sequence level. The results of the DNA sequence homology analysis showed that TYK081 was not amplified from human DNA contamination. Therefore, TYK081 was designated as a chicken homologue of EphA2. The amino acid sequence for one clone out of the 14 clones was not identical to already known sequences but was closely related to those of known human or mouse PTK genes.
As described previously, the TYK120 and EPH002 sequences were shown to be parts of the same gene (Table  2) . In further analysis, the EPH002 sequence data were used. The deduced amino acid sequence of EPH 002 was 78% identical to human EphA1 (Hirai et al., 1987) , which was cloned from an erythropoietin-producing hepatoma. Recently, many eph-related PTK genes have been cloned in various species and constitute the eph gene family. Com- parison of EPH002 with other members of the eph family PTK showed 73% identity to mouse EphA2, 68% identity to chicken EphB2, 68% identity to chicken EphA5, 69% identity to chicken EphA4, and 72% identity to chicken EphB3. When EPH002 was compared with the conserved region of non-eph family PTK, such as chicken Arg, Csk, Eyk, FREK, and PDGFR, the identity did not exceed 50%. Therefore, both EPH002 and TYK120 were classified as novel members of the eph gene family.
The most abundant PTK gene identified by RT-PCR using degenerate oligonucleotide primers was the novel eph of TYK120/EPH002, followed by csk, eyk, klg, ephA4, ryk, ephB2, ephB3, pdgfr, frek, jak-1, ephA2, arg , and ephA5 genes ( Table 2) .
Northern Blot Analysis
The expression of four PTK genes and a growth factor gene, cek-1, c-kit, frek, igf1r, and scf was identified by RT-PCR using specific oligonucleotide primers, and the expression of 14 PTK was identified by RT-PCR using degenerate oligonucleotide primers. The frek gene was isolated from RT-PCR using both specific and degenerate oligonucleotide primers. Therefore, 17 distinct PTK genes plus the SCF gene were observed in CBC. To confirm the expression of the 18 genes in CBC, Northern blot analysis was performed with poly (A) + RNA isolated from CBC, Day 3 embryos, and Day 4 embryos. Northern blot analysis showed that all of the 17 isolated PTK genes and the SCF gene were expressed in CBC, although ephA5, ephA4, and SCF genes were expressed at barely detectable concentrations ( Figure 3) . Arg, Csk, ephA2, ephB3, novel eph, frek, JAK-1, and RYK showed one transcript of various sizes ( Figure  3 ). On the other hand, more than one transcript was revealed for cek ephA4, ephA5, ephB2, eyk, igf1r, klg, pdgfr, and scf (Figure 3) . Although DIG-labeled probes included the region of highest identity of all PTK genes, the northern blot analysis showed that all probes hybridized with only one or a few transcripts of various sizes, and the signal was not smeared. Therefore, the DIG-labeled probes hybridized to specific PTK genes and the scf gene under stringent conditions of hybridization. The c-kit, novel eph, ephA2, eyk, frek, and ephB3 genes were highly expressed in CBC, and expression levels gradually decreased in Day 3 and Day 4 chicken embryos ( Figure  3 ). On the other hand, the expression of cek-1, ephB2, ephA5, and ephA4 seemed to increase in Day 3 and Day 4 embryos (Figure 3) . Expression of the SCF gene was highest in Day 3 embryos. The expression level of the arg, csk, jak-1, igf1r, klg, pdgfr, and ryk genes was maintained at constant levels from stage X to Day 4 (Figure 3 ).
Expression Profile of Protein Tyrosine Kinase in Chicken Blastodermal Cells
The expression profiles of 14 receptor-type PTK, three nonreceptor-type PTK, and SCF in CBC were determined by RT-PCR and northern blot hybridization. As a result, arg, cek-1, ephA2, ephA5, ephA4, ephB3 , c-kit, novel eph, eyk, and ryk were identified in CBC for the first time. Two of these genes, ephA2 and novel eph, had never been identified in avian species, and the novel eph gene had not been identified in any species, until this study. The expression of PTK genes in chicken stage X embryos has been investigated previously by RT-PCR using different sequences of degenerate oligonucleotide primers (Marcelle and Eichmann, 1992) . At that time, 11 distinct PTK genes, of which 7 were unknown PTK genes, designated as H7, tyro-5, K20, H43, H24, H16, and H5, were identified. In this study, the amino acid sequences of the seven unknown PTK were compared with sequences in the Swiss-Prot and protein information resource (PIR) protein data banks using the FASTA search program, and it was concluded that the seven unknown PTK, H5, H7, Tyro-5, K20, and H16 were homologous to JAK-1, FREK, EphB2, RYK, and Csk, respectively. H43 and H24 were not homologous to any previously or currently described PTK. The expression of cellular homologue of yes-related kinase (c-yrk), cellular homologue of yamaguchi 73 sarcoma virus oncogene (cyes) c-yrk, c-yes, c-Ableson kinase, H43, and H24 genes in CBC were not identified in this study, although they were identified previously (Marcelle and Eichmann, 1992) . In some cases, the difference in expression profiles of PTK genes in CBC between the current study and the previous study reported by Marcelle and Eichmann (1992) was the consequence of the differences in the primers used in RT-PCR. The primers used in the current study were designed to avoid amplifying genes in the c-src kinase family, which is the reason c-src kinase family genes, such as c-yrk and c-yes were not identified in the current study but were identified by the previous study reported by Marcelle and Eichmann (1992) .
The expression of the genes identified in this study was confirmed by northern blot analysis (Figure 3 ). The number of clones identified by RT-PCR using degenerate primers did not necessarily reflect the levels of gene expression in CBC. For example, the mRNA products of the frek gene appeared to be quite abundant by northern blot analysis, although only three clones of the frek gene were found by RT-PCR using the degenerate primers. In contrast, although nine csk gene clones were found by RT-PCR using degenerate primers, csk gene expression level in northern blot analysis was lower than that of the frek gene. These results suggest that among the highly conserved sequences of the kinase domain, there are some sequences that were effectively amplified by the degenerate oligonucleotide primers; other sequences were not.
Expectation of Physiological Roles of the Protein Tyrosine Kinase and Stem Cell Factor
Little is known about the physiological role of the PTK and growth factors in early chicken embryo development, especially in the control of proliferation and differentiation of CBC. However, the physiological roles of the 17 PTK and SCF in CBC can be anticipated from their known physiological roles in mammals. The Csk, which is a nonreceptor-type PTK, phosphorylates Src family PTK at their C-terminal tyrosine residues (Okada and Nakagawa, 1989) . In mammals, Csk is known to be a negative regulator of the src family PTK in vivo (Nada et al., 1993) . Although c-src family genes were not detected in this study, the expression of c-yes and c-yrk, which are members of c-src family, has been reported in CBC (Marcelle and Eichmann, 1992) . Therefore, it is possible that Csk negatively regulates the Src kinase family in CBC.
Members of the JAK family PTK phosphorylate a specific tyrosine residue of STAT in signal transduction of cytokine receptors, which do not contain a PTK domain (Darnell et al., 1994; Igarashi et al., 1994; Ihle et al., 1994; Miyazaki et al., 1994; Stahl et al., 1994) . For example, the interleukin-2 receptor, the interferon-γ receptor, the leukemia inhibitory factor receptor, the interleukin-6 receptor, the ciliary neurotrophic factor receptor, and the oncostatin M receptor are non-PTK-type cytokine receptors. Recently, JAK-1 was reported to be a downstream tyrosine kinase in Eyk, IGF1R, and PDGFR signaling (Choudhury et al., 1996; Zong et al., 1996; Gual et al., 1998) . It has been reported that ciliary neurotrophic factor, oncostatin M, leukemia inhibitory factor, and interleukin-6 enhanced proliferation of CBC in vitro (Pain et al., 1996) . JAK-1 expression in CBC suggests that the JAK-STAT signal transduction system, which is activated by growth factors or cytokines, is present in CBC. Furthermore, Eyk, PDGFR, and IGF1R may be functioning in CBC by using the JAK-STAT signalling pathway.
Basic FGF (bFGF) is added to culture systems to induce proliferation and facilitate survival (Pain et al., 1996) . Cek-1 and FREK are known to bind bFGF and to be FGF receptors (Pasquale and Singer, 1989; Werner et al., 1992; . The expression of cek-1 and frek is consistent with the physiological consequences of adding FGF to CBC in vitro (Pain et al., 1996) . Northern blot analysis showed that frek gene expression level was the highest in CBC during early embryonic development and higher than cek-1 gene expression level in CBC. It seems that FREK functions as an FGF receptor during the first 3 d of development, and Cek-1 serves as the FGF receptor on Day 4.
Stem cell factor and its receptor c-Kit are essential for proliferation and differentiation of mouse PGC, hematopoietic stem cells, cells in the melanocyte lineage, and CBC (Geissler et al., 1981; Chabot et al., 1988; Geissler et al., 1988; Pain et al., 1996) . Both scf and c-kit gene mRNA were present in CBC, suggesting that SCF may act in an autocrine fashion.
Members of the epf family of genes are usually expressed in nervous tissues, such as the hind brain retinal axons and the neural crest, indicating that this family of genes plays a role in development of neural systems in vertebrates (Walter et al., 1990; Cheng et al., 1995; Drescher et al., 1995; Nakamoto et al., 1996) . Many members of the eph gene family such as ephA3, ephA5, ephA4, ephB3, ephA2 , and the novel eph were expressed in CBC, and the expression of ephB3 and novel eph genes was particularly strong. The expression of the eph gene family in CBC suggests that members of the Eph family PTK, especially Novel Eph and EphB3, may play roles, not only in development of neural systems, but also in the very early control of development in chickens.
The present study demonstrated that a variety of PTK and the scf gene were expressed in the CBC and that the level of expression of some of them changed during early embryonic development. Some of these genes may participate in the proliferation, differentiation, and migration of CBC as well as play important roles in the maintenance or loss of pluripotentiality as embryonic cells differentiate in vivo and in vitro.
